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TWO-STEP PROCESS FOR ALKYLATION OF BENZENE TO FORM 
LINEAR ALKYLBENZENES 

5 BACKGROUN D OF THE TNVRNTTnN 

This invention generaUy relates to the alkylation of benzene with olefins using 
mordenite catalysts. 

Linear alkyl benzenes (LAB's) having long chains (typically 10-14 carbons) are 
commonly used, commercial products. LAB's are commonly sulfonated to thereby produce 
10 surfactants. 

Typically, LAB's are manufactured commercially using classic Friedal-Crafts 
chemistry, employing catalysts such as aluminum chloride, or using strong acid catalysts such 
as hydrogen fluoride, for example, to alkylate benzene with olefins. While such methods 
produce high conversions, the selectivity to the 2-phenyl isomer is low. generally being about 
IS 30% or less. LAB's with a high percentage of the 2-phenyI isomer are highly desired 
because such compounds when sulfonated have long ''tails'* which provide enhanced 
solubility and detergent properties. 

SUMMARY OF THE TNVRNTION 
It has now been recognized that a need exists for a method of LAB production having 
20 high substrate olefin conversion, high selectivity to 2-phenyl isomer LAB, and employing a 
catalyst having long lifetimes and easy handling. This invention provides a solution to one or 
more of the problems and disadvantages described above. 

This invention, in one broad respect, is a process useful for the production of 
monoalkylated benzene, comprising the steps of: (a) contacting benzene with an olefin 
25 containing from about 5 to about 30 carbons in the presence of fluorine-containing mordenite 
under conditions such that linear monoalkylated benzene is formed; and (b) contacting the 
effluent from step (a) with benzene in the presence of a fluorine-containmg clay catalyst such 
that the product of step (b) has a bromine number less than the bromine number of the 
product of step (a). 

30 In a second broad respect, this invention is a process useful for the production of 

monoalkylated benzene, comprising the steps of: introducing a feed comprising olefin having 
about 5 to about 30 carbons and benzene into a fluorine-containing mordenite catalyst bed 
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under conditions such that monoalkylated benzene is produced, allowing benzene, olefin, and 
monoalkylated benzene to descend (fall) into a reboiler from the catalyst bed, removing 
monoalkylated benzene from the reboiler, heating the contents of the reboiler such that 
benzene refluxes to further contact the fluorine-containing mordenite, and contacting the 
5 monoalkylated benzene removed ftt)m the reboiler with benzene in the presence of a fluorine- 
containing clay catalyst such that the bromine number of the monoalkylated benzene removed 
from the reboiler is reduced. 

In another broad aspect, this invention relates to mordenite useful for alkylating 
benzene with olefin having a silica to alumina molar ratio of about 10:1 to about 100:1; 
10 wherein the mordenite has been treated with an aqueous hydrogen fluoride solution such that 
the mordenite contains from about 0. 1 to about 4 percent fluorine by weight. 

In another broad respect, this invention is a method useful for the preparation of 
fluorine-containing mordenite, comprising contacting a mordenite having a silica to alumina 
molar ratio in a range from about 10:1 to about 100:1 with an aqueous hydrogen fluoride 
15 solution having a concentration of hydrogen fluoride in the range of from about 0* 1 to about 
10 percent by weight such that the mordenite containing fluorine is produced, collecting the 
fluorine-containing mordenite by filtration, and drying. 

The fluorine treated mordenite catalyst advantageously produces high selectivities to 
the 2-phenyl isomer in the preparation of LAB, generally producing selectivities of about 70 
20 percent or more. Also, the fluorine treated mordenite enjoys a long lifetime, preferably 
experiencing only a 25 percent or less decrease in activity after 400 hours on suream. A 
process operated in accordance with the apparatus depicted in FIGS. 1 and 2 has the 
advantage that rising benzene from the reboiler continuously cleans the catalyst to thereby 
increase lifetime of the catalyst. In addition, this invention advantageously produces only low 
25 amounts of dialkylated benzene, which is not particularly as useful for detergent manufacture, 
as well as only low amounts of tetralian derivatives. 

In addition, the two-step process wherein a fluorine-containing clay catalyst is used in 
the second alkylation step leads to increased concentration of alkylated products, as well as 
decreased bromine number of the resulting product relative to the bromine number of the 
30 alkylated product using mordenite in a one-step reaction. 
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Certain terms and phrases have the following meanings as used herein. "Meq/g" 
means nulliequivalents of titratable acid per gram of catalyst, which is a unit used to describe 
acidity of the catalysts. Acidity is generally determined by titration with a base, as by adding 
excessive base, such as sodium hydroxide, to flie catalyst and dien back titrating the catalyst. 
5 "Conv." and "Conversion*' mean the mole percentage of a given reactant converted to 
product. Generally, olefin conversion is about 95 percent or more in the practice of this 
invention. "Sel." and "Selectivity" mean the mole percentage of a particular component in 
the product. Generally, selectivity to the 2-phenyl isomer is about 70 or more in the practice 
of this invention. 

10 "Bromine number" means grams of bromine consumed per 100 g of sample and is 

determined by titrating with bromide/bromate solution. The mordenite catalyst of the present 
invention is useful as a catalyst in the production of LAB's in accordance with the process of 
manufacturing LAB's of this invention. LAB is useful as starting material to produce 
sulfonated LAB, which itself is useful as a surfactant. 

IS BRIEF DESCRIPTION OF T HE PR A WINC;;S 

HG. 1 shows a representation of a first continuous reactive distillation column 
employed in the practice of this invention. 

FIG. 2 shows a representation of a second continuous reactive distillation column 
employed in the practice of diis invention. 

20 PET An.ED DESCRIPTION OF THE PREFERRED ENfRQDTMENTS 

Catalyst Preparation and Properties 
The first catalyst en^loyed in the practice of this invention is a fluorine-containing 
mordenite, Mordenite is a type of zeolite. The catalyst of this invention is prepared from 
hydrogen mordenite (typically having 0.1 percent or less of sodium) having a silica-alumina 

25 molar ratio of from about 10:1 to about 100: L More typically, the starting mordenite has a 
silica/alumina molar ratio of from about 10:1 to about 50:1. The starting hydrogen 
mordenite, which is commonly available commercially, is treated with an aqueous solution of 
hydrogen fluoride ("HF") to produce the active, long-life and highly selective catalyst of the 
invention. In the course of such HF treatment, as well as during subsequent calcination of 

30 said HF-treated mordenite, die silica/alumina molar ratio typically increases. The finished 
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catalysts of this invention show a fluorine content of from about 0.1 to about 4 percent by 
weight, more typically about 1 percent. 

While not wishing to be bound by theory, it is believed that the HF reacts with sites 
where -Si-O-Al- linkages occur such that the linkage is broken with fluorine becoming 

5 bonded to the Al such that -Si-OH and F-Al- groups form. This is believed to decrease the 
total Bronsted acid sites and increase the strength of the remaining acid sites in die mordenite 
and is believed to stabilize the acidity of the mordenite such that the mechanisms which 
degrade performance during LAB production, such as coke build-up, are retarded. 

The aqueous solution used to treat the mordenite may contain a range of HF 

10 concentrations. Generally, the HF concentration is a minimum of about 0.1 percent by 
weight. Below such minimum concentration, the effect of the fluorine treatment significantly 
decreases, resulting in the undesirable need for repeated treatments. Generally, the HF 
concentration on the upper end is about 10 percent by weight or less. Above a concentration 
of about 10 percent by weight, the HF is so concentrated that it is difficult to prevent HF 

IS from destroying the crystallinity of the mordenite, thereby detrimentally affecting its efficacy 
as a catalyst for LAB production. 

The aqueous HF solution may be prepared by diluting commercially available 48% 
HF solutions to the desired concentration. Alternatively, HF can be sparged into water to 
provide an aqueous HF solution. 

20 Typically, the treatment is carried out by adding mordenite powder or pellets to a 

stirred aqueous HF solution at a temperature of from about 0°C to about SO^'C. The stirring 
and contacting is continued for a time sufficient to achieve the desired level of fluorme in the 
mordenite. This time may vary depending on factors such as HF concentration, amount of 
HF solution relative to the amount of mordenite beii^ treated, speed of agitation employed, 
25 and temperature. After treatment, the mordenite can be recovered by filtration, and then 
dried. It is also possible to unpregnate the mordenite to incipient wetness with a given HF 
solution, as well as to treat the mordenite with gaseous hydrogen fluoride. Preferably said 
fluoride-treated mordenite would be calcined in air prior to use in alkylation service. The 
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preferred calcination tenq)erature would be in the range from about 400'*C to about 6WC. 

Alternative mordenite fluorinating agents to hydrofluoric acid and hydrogen fluoride include 

ammonium fluoride, fluorided silicon compounds and fluorided hydrocarbons. 

The HF-treated mordenite of this invention generally has about 0. 1 percent by weight 
5 or more of fluorine based on the total weight of the mordenite. Typically, the fluorine- 
containing mordenite contains about 4 percent by weight or less fluorine. The fluorine- 
containing mordenite most typically contains about 1 percent by weight of fluorine. 

The mordenite can be used in the practice of this invention as a powder, in pellet 
form, as granules, or as extrudates. The mordenite can be formed into pellets or extrudates 
10 using binders well known to those of skill in the art, such as alumina, silica or mixtures 
thereof. 

The fluorine-containing clay catalyst used in the process of this invention may be 
prepared from a variety of clays, particularly the class of smeltite clays. One representative 
example of such clays is montmoriUonite. Such clays are commonly available commercially 

15 in neutral, basic, and acidic forms, having a surface area greater than about 30 mVg and a 
moisture content of zero to about 20 wt%. The starting clay material is treated with an 
aqueous solution of HF as described hereinabove, as well as is described in U.S. Patent 
5,157,161. The finished clay catalysts have a fluorine content of from about 0.1 percent to 
about 10 percent by weight, typically from about 0.1 to about 4 percent by weight, more 

20 typically about 0.5 percent. Optionally, said modified clays may be calcined, typically at 
temperatures from about 100°C to about 600°C. 

The fluorine-containing clay may be used as a powder, in pellet form, as granules, or 
as extrudates. The clay can be formed into pellets or extrudates using binders well known to 
those of skill in the art, such as alumina, silica, or mixtures thereof. 

25 Reactamsfor LAB Production 

In the practice of this invention, benzene is alkylated with olefin to form LAB. These 
reactants can be handled and purified as is generally performed by those of skill in the art. In 
this regard, it is preferred that the reactants are water and alcohol free The olefins employed 
in the practice of this invention have from about 5 to about 30 carbons, preferably from about 

30 10 to about 14 carbons, such as is available commercially or produced as dehydrogenated 
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paraffin feed stocks. It is preferred that the olefin be monounsaturated. It is most preferred 
that the olefin be an alpha-olefin containing a terminal ethylenic unit. 

Commonly, said olefms would be available in a paraffinic media of the same carbon 
range. Olefins in the 10 to 14 carbon number range would typically be available from C „ to 
5 C,4 paraffin dehydrogenation in a C|o to C,4 paraffin mixture having an olefin content of 5 to 
20%. Often, the olefin content of said olefin-paraffin nuxture would be 8 to 10 weight % . 

The 2-phenyl isomer of the LAB produced in accordance with this invention is of 
formula: 



IS wherein n is from about 2 to about 17 and preferably from about 7 to about 11. 

Process Conditions, Procedures, and Apparatus 
The first step of the process of this invention can be carried out using the continuous 
reactive distillation column depicted in FIG. 1. In FIG. 1, a feed mixture of benzene and 
olefin, generally at a benzene-to-olefm molar ratio range of about 1:1 to 100:1 flows from 

20 feed pump 10 to feed inlet 14 via line 12. The feed mixnire fells to packed mordenite 
catalyst bed 32 where alkylation in the presence of the fluorme-containing mordenite occurs. 
Alternatively, while not depicted in FIG. 1, the benzene and olefm can be introduced 
separately into the bed with mixing occurring in the bed, or the reactants can be mixed via an 
in-line mixer prior to introducing the reactants into the catalyst bed, or the reactants can be 

25 injected separately above the bed with mixing affected by use of standard packing above the 
bed, or the reactants can be sparged into the diamber above the bed. The catalyst bed 32 
depicted in FIG. 1 for laboratory scale may be made of two lengths of 1.1 inch (2.76 cm) 
internal diameter tubing, the lengths being 9.5 inches (24.1 cm) and 22 inches (55.9 cm). In 
the catalyst bed 32, the falling feed mixture also contacts rising vapors of unreacted benzene 

30 which has been heated to reflux in reboiler 42 by heater 40. Such rising vapors pass over 
thermocouple 38 which monitors temperanire to provide feedback to heater 40. The rising 
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vapors of benzene and/or olefin also pass through standard packing 36 (e.g., 7.S inches (19 
cm) of goodloe packing). The rising vzpors heat thermocouple 30 which connects to bottoms 
temperature controller 28 which activates heater 40 when temperature drops below a set 
level. 

5 Prior to startup, the system may be flushed with nitrogen which enters via line 54 and 

which flows through line 58. After stanup, a nitrogen blanket is maintained over the system. 
Also prior to startup and during nitrogen flush, it may be desirable to heat catalyst bed 32 so 
as to drive off water from the fluorine-containing mordenite. 

Residual water from the feed mixture or which otherwise enters the system is 

10 collected in water trap 24 upon being liquifled at condenser 21 (along with benzene vapor). 
If the feed is very dry (free of water) the water trap 24 may not be needed. Removing water 
leads to longer catalyst lifetime. Hence, the water trap 24 is optional. Hie same applies to 
FIG. 2. Condenser 21 is cooled via coolant such as water entering condenser 21 via port 22 
and exiting via port 20. As needed, water in water trap 24 may be drained by opening drain 

25 valve 26. 

As needed, when LAB content in reboiler 42 rises to a desired level, the bottoms 
LAB product may be removed from the system via line 47, using either gravity or bottoms 
pump 48 to withdraw the product. When product is so withdrawn, valve 44 is opened. 

In FIG. 1, dip tube 46, which is optional, is employed to slightly increase the pressure 
20 in reboiler 42 to thereby raise the boiling point of benzene a degree or two. Likewise, a 
pressure generator 56 may be optionally employed to raise the pressiu-e of die system. Other 
standard pressure increasing devices can be en^)loyed. Pressure can thus be increased in the 
system such that the boiling point of benzene increases up to about 200°C. 

In FIG. 1, control mechanisms for heat shutoff 50 and pump shutoff 52 are depicted 
25 which serve to shut off heat and pump if the liquids level in the system rises to such levels. 
These control mechanisms are optional and may be included so that the catalyst bed does not 
come into contact with the bottoms of die reboiler. 

In the practice of this invention in the alkylation of benzene, a wide variety of process 
conditions can be employed. In this regard, the temperature in the catalyst bed may vary 
30 depending on reactants, rate of introduction into the catalyst bed, size of the bed, and so 
forth. Generally, the bed is maintained at the reflux temperature of benzene depending on 
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pressure. Typically, the temperature of the catalyst bed is above about 10**C, and most likely 
about 78^C or more in order to have reasonable reaction rates, and about 200°C or less to 
avoid degradation of reactants and products and to avoid deactivation of the catalyst by coke 
build-up. Preferably, the temperature is in the range from about SO^'C to about 140''C. The 
process may be operated at a variety of pressures during the contacting step, with pressures 
of about atmospheric most typically being employed. When the process is operated using a 
system as depicted in FIGS. 1 and 2, the reboiler temperature is maintained such that benzene 
and olefin vaporize^ the temperature varying depending on olefin, and generally being from 
about SO^'C to about 250°C for olefins having 10 to 14 carbons. The composition of the 
reboiler will vary over time, but is generally set initially to have a benzene olefin ratio of 
about 5:1, with this ratio being maintained during the practice of this invention. The rate of 
introduction of feed into the catalyst bed may vary, and is generally at a liquid hourly space 
velocity ("LHSV") of about 0.05 hr"* to about 10 hr'\ more typically from about 0.05 hr * to 
about 1 hr ^ The mole ratio of benzene to olefin introduced into the catalyst bed is generally 
from about 1 : 1 to about 100: 1 . In commercial benzene alkylation operations, it is common to 
run at mole ratios of from about 2:1 to about 20:1, which can suitably be employed in the 
practice of this invention, and to charge said olefins as an olefin-paraffin mixture comprising 
5% to 20% olefin content. Said olefin-paraffin mixtures are normally generated 
conunercially through dehydrogenation of the correspondmg paraffin starting material over a 
noble metal catalyst. 

Another continuous reactive distillation £q)paratus is depicted in FIG. 2. In FIG.2, the 
feed mixture enters the reactor via feed inlet 1 14. The feed mixture falls through the column 
into catalyst bed 132, wherein alkylation to form LAB occurs. A thermowell 133 monitors 
the temperature of said catalyst bed 132. The catalyst bed 132 may be optionally heated 
externally and is contained within 1-1/4 inch (3.2 cm) stainless steel tubing. Goodloe packing 
is positioned at packing 136 and 137. LAB product, as well as unreacted benzene and olefin, 
fall through packing 136 into reboiler 142. In reboiler 142, electric heater 140 heats the 
contents of reboiler 142 such that heated vapors of benzene and olefin rise from the reboiler 

142 to at least reach catalyst bed 132. As needed, the bottoms LAB product may be removed 
from reboiler 142 by opening bottoms valve 144 after passing through line 147 and filter 145. 

Residual water from the feed mixture, or which otherwise enters the system, may be 
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condensed at condenser 121 which is cooled with coolant via inlet line 122 and exit line 120. 

The condensed water falls to water trap 124, which can be drained as needed by opening 

drain valve 126. Temperature in die system is monitored via thermocouples 138, 130, and 

165. The syston includes pressure release valve 166. A nitrogen blanket over the system is 
5 maintained by introduction of nitrogen gas via inlet line 154. Level control activator 150 

activates bottoms level control valve 151 to open when the liquids level in the reboiler rises to 

the level control activator 150. 

While the systems depicted in FIG. 1 and FIG. 2 show single catalyst bed systems, it 

may be appreciated that multi-catalyst bed reactors are within the scope of this invention, as 
10 well as multiple ports for inlet feeds, water traps, product removal lines, and so forth. 

Moreover, the process may be run in batch mode, or in other continuous processes using 

plugflow designs, trickle bed designs, and fluidized bed designs. 

It is believed that as average molecular weight of olefins increases, particularly when 

die average number of carbons exceed 14, the selectivity and conversion to LAB, especially 
IS LAB with the 2-isomer, may incrementally decrease. 

The product of the alkylation using HF-treated mordenite may be sent to a second, 

finishing catalyst bed to inq)rove LAB yield and quality. An example of such a second 

catalyst is HF-treated clay such as montmorillonite day having about 0.5% fluoride. Such a 

catalyst may also serve to lower the bromine number below about 0.1, dqsendmg on 
20 conditions. 

In the practice of this invention, the effluent from the alkylation using HF-treated 
mordenite is mixed with additional benzaie and the mixture heated in the presence of the 
fluorine-contaming clay catalyst as by passing die mixture through the clay catalyst bed at 
benzene reflux temperatures. The amount of added benzene may vary and is generally added 

25 in amounts of about 5 to about 10 moles benzene per mole of olefin. Higher benzene levels 
may be used as necessary to limit olefin dimerization. Reaction times and contact times may 
vary depending on the extent of conversion of olefin on the hydrogen fluoride-treated 
mordenite. Also, LHSV, temperature, and pressure may also be varied under some 
circumstances to influence the product make-up. 

30 This second alkylation step may be conducted batch-wise, or contmuously using, for 

example, a plug flow, continuous reactor configuration. The temperatures and pressured in 
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this second step are substantially the same as described above for the first alkylaiion step 
using die mordenite catalyst. The amount of benzene added may vary, and is generally in the 
benzene-to-olefm molar ratio range of about 1:1 to about 1000: 1 . Reaction times and contact 
times may vary depending on desired extent of reaction, amount of catalyst, temperature and 
other parameters. Typically, in continuous operation, the clay catalyst bed is maintained in 
the temperature range of 70°C to 200^C and die unit operated at pressures of zero to about 
1000 psi (6.9 Mpa). Liquid hourly space velocities of about 0.05 hr ' to about 10 hr * are 
employed. 

Depending on the initial bromine number, the bromine number of the product of the 
first reaction may be reduced over 1 xmit after the second step, using the clay catalyst. The 
bromine number is typically reduced to a value of less than about 0. 1 , and may be reduced to 
less than about 0,005. The second step may also improve the yield to provide a higher total 
alkylate concentration. Generally, the second step not only improves the bromine number of 
alkylate, but also increases the alkylate yield by 0.10 - 1.00%, depending upon the olefin 
conversion in the first step. 

The starting material, which may contain varied levels of olefins, is typically 
converted by greater than about 90% in the first stage. Below that level, the catalyst needs 
regeneration. The conversion in the first state can go as high as about 99% , and reaches 
about 99.9% after the second treatment. 

The following examples are illustrative of the present invention and are not intended 
to be construed as limiting the scope of the invention or the claims. Unless otherwise 
indicated, all percentages are by weight. In the examples, all reactants were commercial 
grades and used as received. The apparatus depicted in FIG. 1 was employed for examples 
2-4. The apparams depicted in FIG. 2 was used for example 5. 

It may be noted that example 2 illustrates LAB production fi-om paraffin 
dehydrogenate using the fluoride-treated mordenite catalyst of example B, where good 
catalyst life (250+ hrs) is achieved without catalyst regeneration, while maintaining a 2- 
phenyl LAB selectivity of >70% and high LAB productivity wiUiout significant loss of 
fluoride. Comparative example 1, on the other hand, using untreated mordenite, with no 
fluoride added, shows a rapid decline in LAB production. In addition, examples 3 and 4 
illustrate LAB production using a 5:1 molar benzene/C|o-C,4 olefin feed mix and the fluoride- 
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treated mordenite catalysts of Example B when operating at different LHSV's in die range of 
0.2-0.4 hr ^ Catalyst life may exceed 500 hours. Example S illustrates LAB production with 
the fluoride-treated mordenite catalyst where the alkylation is conducted at higher 
temperatures and under pressure. Exanq)les 6-8 ilhistrate the performance of three HF- 
5 treated mordenite catalysts with different fluoride loadings. Example 9 shows how virtually 
no alkylation activity is observed with a highly-fluorinated mordenite. 

Example 10 illustrates the further batch alkylation of crude benzene alkylate from 
Example 4 using a dried, 0.5% fluorided montmorillonite clay catalyst. Typical bromine 
numbers for the products after this two-step process are 0. 1 . 
10 Example 1 1 illustrates the further alkylation of crude benzene alkylate after stripping 

to remove benzene plus most of the C,o - C14 paraffin, usmg the same fluorided 
montmorillonite clay catalyst, again in a batch mode. The bromine number of the alkylate 
product was <0.01. 

Example 12 shows the use of a plug-flow, continuous reactor conflguration and the 
IS same fluorided montmorillonite clay catalyst to achieve fiirther alleviation and provide product 
with a bromine number of 0.02. After stripping, the alkylate purity is 98% and the 2-phenyl 
isomer content is 76%. 

EXAMPLE A 

This example illustrates the preparation of a hydrogen fluoride-modified mordenite. 
20 To 30 g of acidified mordenite (LZM-8, SiOj/AlzOa ratio 17; NazO wt% 0.02, surface area 
517 mVg, powder, from Union Carbide Corp.) was added 600 ml of 0.4% hydrofluoric acid 
solution, at room temperature. After 5 hours the solid zeolite was removed by filtration, 
washed with distilled water, dried at no^'C overnight, and calcined at SSS'^C. 

KXAMPLFR 

25 The example illustrates the preparation of a hydrogen fluoride-modified mordenite. 

To 500 g of acidified, dealuminized, mordenite (CBV-20A from PQ Corp.; SiOj/AlaOj molar 
ratio 20; Na^O, 0.02 wt%; surface area 550 m^/g, 1/16" diameter extrudat^, that had been 
calcined at 538**C, overnight) was added a solution of 33 ml of 48% HF solution in 1633 ml 
of distilled water, the mix was cooled in ice, stirred on a rotary evaporator ovmiight, then 

30 filtered to recover the extruded solids. The extnidates were ftirth^ washed with distilled 
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water, dried in vacuo at lOO'^C* and then calcined at SSS^'C, overnight. Analyses of the 
treated mordenite showed: F: 1.2%; Acidity: 0.49 meq/g. 

EXAMPLE 1 

This example illustrates the preparation of linear alkyl benzenes using a hydrogen 
fluoride-modified mordenite catalyst. To a 500 ml flask, fitted with condenser and Dean 
Stark Trap was added 100 ml of benzrae (reagent grade) plus 10 g of hydrogen fluoride* 
modified mordenite zeolite, prepared by the method of Example A. The mix was refluxed 
for 15-20 minutes to remove small amounts of moisture, then a combination of benzene (50 
ml) plus 1-dodecene (10 g) was injected into the flask and the sohition allowed to reflux for 3 
hours. Upon cooling, the modified mordenite catalyst was removed by filtration, the filtrate 
liquid flashed to remove unreacted benzene, and the bottoms liquid analyzed by gas 
chromatography. Typical analytical data are summarized in Table 1. 



TABLE 1 



DODECENE 
CONV. (%) 


LAB ISOMER DISTRIBUTION (%) 
2-Ph 3-ni 4-Ph 5-Ph 6-Ph 


HEAVIES 

(%) 


LINEAR LAB (LLAB) 
(%) 


99.7 


79.9 


16.6 


0.8 


1.3 


1.3 


0.2 


95.9 



EXAMPLE 2 

This example illustrates the preparation of linear alkylbenzenes from paraffin 
dehydrogenate using a hydrogen fluoride-treated mordenite catalyst. In the example, benzene 
was alkylated with a sample of Cio-C,4 paraffin dehydrogenate containing about 8.5% C,o-Ci4 
olefins. Alkylation was conducted in a process unit as shown in FIG. 1. All^riation was 
conducted by first charging 500 ml of a benzene/paraffin dehydrogenate mix (10:1 molar 
ratio, benzeiie/Cio-Ci4 olefin) to the reboiler and 250 cc of the HF-treated mordenite of 
example B to the 11" (2.8 cm) i.d. reaction zone. The mordenite was held in place using 
Goodloe packing. The reboiler liquid was then heated to reflux and a benzene plus C ^q-C^^ 
paraffin dehydrogenate mix (10:1 molar ratio, benzene/Cio-C,^ olefin) continuously 
introduced into the unit above the catalyst colunan at the rate of 100 cc/hr. (LHSV=0.4 hr *). 
Under steady state, reflux, conditions liquid product was continuously withdrawn from the 
reboiler and water continuously taken off from the water trap. The crude liquid product was 
periodically analyzed by gas chromatography. The reboiler temperature was typically in the 
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controlled range of 97-122*'C. The column head temperature variabUity was TS-SS^'C. A 
summary of the analytical results may be found in Table 2. After 253 hours on stream, the 
recovered HF-treated mordenite catalyst showed by analysis: F: 1.1%; Acidity: 0.29 
meq/g; H2O:0.3%. 

Table 2 



Time on 


Sample 


Alkylate 


2-Phenyl 

Owl . ^ >v / 


CjHeConc. (%) 


n 




1 4 






L 


1 

1 






10 7 


A 






74. 0 


iu.u 


O 


-1 


u.O 


/.J.O 






4 


7 9 


80 7 


27.0 


56 


5 


7.8 


82.7 


27.0 


69 


6 


7.3 


81.4 


27.4 


94 


7 


6.5 


82.0 


27.8 


118 


8 


6.0 


78.4 


27.7 


142 


9 


5.9 


81.3 


26.9 


166 


10 


5.4 


81.5 


27.3 


207 


11 


5.3 


81.3 


26.1 


229 


12 


5.1 


81.1 


27.4 


253 


13 


4.9 


81.4 


28.1 



Comparative Example 1 
This example illustrates the preparation of luiear alkyl benzene from paraffin 
dehydrogenate using an untreated mordenite catalyst Following the procedures of Example 
2, the alkylation unit was charged with 250 cc of untreated, calcined, mordenite, (the starting 
mordenite of Exan^le B), and the liquid feed c(»nprised benzene plus Cio-C,4 paraffin 
dehydrogenate mix in a 10:1 molar ratio of benzene/C,o-Ci4 olefin. Typical results are 
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summarized in Table 3. The recovered mordenite showed by analysis: Acidity: 0.29 meq/g; 
HjO.21%. 

Table 3 



Time on 
Streamers) 


Sample 


Alkylate 
Cone. (%) 


2-Phenyl 
Set. (%) 


Cone. 


0 


0 






11.2 


2 


1 


6.50 




9.9 


4 


2 


7.16 


73.2 


17.1 


6 


3 


7.09 


73.1 


26.4 


22 


4 


8.61 


73.9 


26.6 


31 


5 


10.49 


67.4 


15.8 


46 


6 


7.39 


75.0 


27.7 


70 


7 


6.39 


75.1 


28.5 


93 


8 


6.08 


73.6 


23.0 


144 


9 


5.21 


73.6 


15.8 


157 


10 


4.40 


73.9 


26.2 1 


180 


11 


3.06 


69.6 


27.1 


204 


12 


1.32 




19.5 1 


228 


13 


1.32 




33.3 



5 

EXAMPLES 

This example also illustrates the preparation of linear alkyi benzene from paraffm 
dehydrogenate using a hydrogen fluoride-treated mordenite catalyst. Following the 
procedures of Exanq>le 2, the alkylation unit was charged with 250 cc of the HF-treated 
10 mordenite of Example B, and the liquid feed comprised a benzene plus C,o-C,4 paraffin 
dehydrogenate mix in a 5:1 molar ratio of benzene/C,o-C,4 olefin, the reboiler temperature 
was typically in the range of 122-188'*C. the column head temperature 78-83^C. Typical 
analytical results are sunmiarized in Table 4. After 503 hours on stream, the recovered HF- 
treated mordenite catalyst showed on analysis: F: 1.0%; Acidity: 0.35 meq/g; HjO: 0.1%. 
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Table 4 



Time on 
Stream 
(Hrs) 


Samjde 


Alkylate 
Cone. (%) 


2-Phenyl 
Sel. (%) 


Cone. 
(%) 


Corrected* 
Alkylate 
Cone. (%) 


« 


0 


1.0 




8.9 


1.1 


2 


I 


3.5 


61.8 


0.3 


3.5 


4 


2 


7.1 


72.1 


0 


7.1 


6 


3 


6.8 


76.7 


7.2 


7.3 


34 


4 


8.4 


79.7 


14.3 


9.8 


71 


5 


7.2 


81.8 


14.6 


8.5 


% 


6 


6.5 


80.8 


15.5 


7.7 


119 


7 


6.3 


80.6 


15.1 


7.4 


643 


8 


6,0 


81.0 


14.3 


7,0 


168 


9 


5.9 


80.7 


14.4 


6.9 


239 


10 


5.0 


78.2 


8.8 


5.5 


263 


11 


5.3 


79.2 


13.5 


6.2 


288 


12 


5.0 


79.6 


16.5 


6.0 


311 


13 


5.4 


79.4 


4.1 


5.6 


335 


14 


5.5 


79.2 


8.2 


6.0 


408 


15 


4.9 


79.4 


13.1 


5.6 1 


432 


16 


4.7 


78.8 


14.4 


5.5 1 


456 


17 


4.4 


78.5 


14.1 


5.1 


479 


18' 


4.7 


78.6 


2.7" 


4.8 


488 


19" 


4.9 


78.5 


2.4' 


5.0 


503 


20" 


5.1 


78.9 


0.6' 


5.1 



' Corrected for benzene in effluent sample. 

Applied pressure 8" HjO 
^ Applied pressure 12" H2O 
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EXAMPLE 4 

This example also illustrates the preparation of linear alkyl benzenes from parafTm 
dehydrogenate using a hydrogen fluoride-treated mordenite catalyst. Following the 
procedures of Example 2, alkylation was conducted in the glassware unit of FIG. 1 complete 
with catalyst column, reboiler, condenser and controls. To the reaction zone was charged 
500 cc of HF-treated mordenite of Example B. The liquid feed comprised a benzene plus C 

paraffin dehydrogenate mix in a 5:1 molar ratio of benzene /C,o-Ci4 olefin. The feed rate 
was 100 cc/hr (LHSV:0.2 hr*'). Under typical steady state, reflux, conditions, with a 
reboiler temperature range of 13 1-205 °C and a head temperature of 76-83 **C. typical results 
are summarized in Table 5. 



16 



wo 97/47573 



PCT/US97/08070 



Tables 



Pressure 
(Inch 
H,0) 


Reboila* 
Temp. 

(□Q 


Time on 
Stream 
(Hrs) 


Sample 


Alkylate 
Cone. 
(%) 


2-Phcnyl 
Sel» (%) 


Cone. (%) 


Corrected* 
Alkylate 
Cone. (%) 


12 


205 


2 


1 


8.2 


74.3 


0.5 


8.3 




193 


4 


2 


9.2 


75.0 


0.4 


9.2 




175 


6 


3 


10.0 


74.8 


2.3 


10.3 




204 


21 


4 


12.7 


78.7 


0.3 


12.7 




146 


44 


5 


11.7 


81.0 


10.4 


12.9 




136 


68 


6 


11.5 


81.8 


10.0 


12.7 






2-3 days 




11.6 


81.4 


9.4 


12.7 




136 


93 


7 


11.3 


82-6 


10.8 


12.5 






4-5 days 


C-l'^ 


11.0 


81.8 


11.0 


12.2 




142 


165 


8 


10.4 


83.0 


11.4 


11.5 




142 


189 


9 


10.2 


83.4 


10.5 


11.2 




146 


213 


10 


9.7 


80.2 


11.2 


10.7 




139 


238 


11 


9.6 


83.4 


11.1 


10.7 




143 


261 


12 


9.9 


81.9 


11.0 


11.0 




133 


333 


13 


9.2 


83.4 


11.3 


10.3 




138 


356 


14 


8.9 


83.5 


11.1 


9.9 


— 


138 


381 


15 


8.8 


83.0 


11.3 


9.8 




131 


405 


16 


8.7 


82.8 


11.2 


9.7 



* Corrected for benzene in effluent sample 
^ Composite product 
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EXAMPLES 

This exaiq>le illustrates the preparation of linear alkyi benzenes from paraffin 
dehydrogenate using a hydrogen fluoride-treated mordenite catalyst. Following the 
procedures of Exanq)le 2, alkyiation of benzene with C,o-C,4 paraffin dehydrogenate was 
conducted using the stainless-steel unit of FIG. 2, complete with catalyst column, reboiler, 
condenser, and controls. About 2S0 cc or HF-treated mordenite of Example B was charged 
to the column. The liquid feed comprised benzene plus C io-C,4 paraffin dehydrogenate mix in 
a 10:1 molar ratio of benzene/Cio-C,4 olefin. The LHSV varied from 0.2 to 0.4 hr '. 
Alkyiation was conducted over a range of colunui and reboiler temperatures and a range of 
exit pressures. Typical results are summarized in Table 6. 
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Table 6 



Column 
Temp 
C3Q 


Pressure 

DiFF Exrr 

(psi) (pa) 


JrOl 

Tenqi. 

(PQ 


Time 
(hr) 


example 
(#) 


AiKyiate 
Cone. 
{%) 


z- 
Phenyl 
Sel. {%) 


Cone. 
(%) 


149-129 


0.1 


0 


188 


4 


1 


3.8 




6.3 


152-126 


0 


0 


200 


20 


2 


i.8 




32.7 


195-108 


0 


0 


199 


25 


3 


5.7 




8.7 


218-111 


0 


0 


201 


28 


4 


0.8 




67.5 


212-118 


0 


0 


201 


44 


5 


8.8 


71.7 


4.5 


209*114 


0.2 


0 


198 


52 


6 


2.4 




47.3 


228-116 


0 


0 


197 


68 


7 


6.9 


72.6 


12.4 


187-107 


0.5 


0 


197 


76 


8 


2.9 


74.6 


44.1 










76 


9* 


4.8 


72.9 


25.3 












9C*' 


6.8 


72,2 


1.0 


174-107 


0 


0 


178 


6 


10 


4.1 


79.2 


54.9 


170-106 


0 


0 


172 


22 


11 


2.0 




59.8 










28 


12* 


6.6 


76.8 


26.8 


142-107 


0 


0 


136 


31 


13 


4.8 


67.9 


18.9 


14M10 


0 


0 


138 


47 


14 


4.4 


65.9 


16.9 


142-110 


0 


0 


136 


55 


15 


5.0 


63.9 


16.6 


168-111 


0 


0 


131 


71 


16 


4.1 


64.8 


16.7 


170-108 


0 


0 


150 


79 


17 


5.0 


72.0 


8.8 


175-113 


0 


0 


143 


95 


18 


5.9 


68.1 


15.2 


145-106 


0 


5.2 


188 


14 


19 


3.2 


60.2 


9.0 


149-108 


0 


4.2 


186 


20 


20 


4.8 


66.3 


12.0 


1 160-118 


0 


11.7 


213 


29 


21 


4.2 




6.7 


1 160-119 


0 


9.3 


210 


44 


22 


5.2 




6-6 



* Composite product 

^ Stripped composite product 
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EXAMPLES 

These examples illustrate the preparation of linear alkyl benzene using hydrogen 
fluoride-modified mordenite catalysts with different fluoride treatment levels. Following the 
procedures of Example 1, the alkylation unit was charged with benzene (100 ml), a 10 g 
sample of hydrogen fluoride-modifled mordenite prepared by the procedure of Example B, 
plus a mix of benzene (50 ml) and 1-decene (10 g). Three HF-treated mordenites were 
tested, having the composition: Catalyst "C\ 0.25% HF on mordenite (CBV-20A); Catalyst 
"D^ 0.50% HF on mordenite (CBV-20A); Catalyst "E\ 1.0% HF on mordenite (CBV- 
20A), In each experiment samples of the bottoms liquid fraction were withdrawn at regular 
periods and subject to gas chromatography analyses. The results are summarized in Table 7. 
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Table? 



CATALYST 


TIME 
<inin) 


%LLAB 


%ISOS 


%nVY 


%2Pb 


Of inA.. 

%3Pn 


%4Pn 


%5Pn 


at ^ o *vm- 

%6&7Ph 


D 


10 


11.75 


0.14 


0 


73.36 


21.87 


2.89 


0.94 


1.02 




20 


12.43 


0.21 


0 


72.97 


21.96 


3.14 


1.13 


0.81 




30 


12.88 


0.21 


0 


72.67 


22,13 


3.03 


1.16 


1.01 




40 


12.27 


0.22 


0 


73.02 


21.92 


2.85 


1.06 


1.14 




50 


12.15 


0.98 


0 


72.46 


21.67 


3.21 


1.17 


1.49 




50 


12.24 


1.01 


0 


72.53 


21,63 


3.23 


1.12 


1.44 




60 


12.28 


0.21 


0 


72.96 


22.07 


2.93 


1.14 


0.91 




60 


11.98 


0.21 


0 


72.97 


22.21 


2.93 


1,17 


0.83 


C 


10 


12.2 


0.18 


0 


72.54 


22.46 


3.21 


0.98 


0.82 




20 


12.7 


0.39 


0 


71,51 


22.61 


2.91 


1.02 


2.13 




30 


12.52 


0.21 


0 


71.96 


22.68 


2.96 


1.04 


1.36 




40 


12.75 


0.21 


0 


71.84 


22.67 


3.22 


1.02 


1.25 




50 


12.98 


0.21 


0 


71.57 


22.81 


3.16 


1.08 


1.39 




60 


12.54 


0.21 


0 


71.45 


22.81 


3.19 


1.12 


1.44 




60 


12.33 


0.21 


0 


71.61 


22.87 


2.92 


1.05 


1.31 


E 


10 


10.56 


0.05 


0 


75.19 


19.41 


2.18 


3.22 






20 


12.95 


0.15 


0 


74.36 


19.23 


3.01 


3.4 






30 


13.44 


0.18 


0 


74.11 


19.42 


3.2 


3.27 






40 


13.16 


0.15 


0 


074.16 


19.38 


3.12 


3.34 






50 


13.1 


0.15 


0 


74.43 


19.16 


3.21 


3.28 






60 


12.83 


0.15 


0 


74,28 


19.49 


2,88 


3.35 






60 


12.87 


0.16 


0 


73.82 


19.97 


2,8 


3.2 
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EXAMPLE? 

This example illustrates the inactivity of a heavily loaded hydrogen-fluoride modified 
mordenite catalyst. Following the procedures of Example 2, the alkylation unit was charged 
with 100 cc of a hydrogen fluoride-treated mordenite (CBV-20A) prepared by the method of 
5 Example B but having a much higher loading of HF (fluoride content 4.8%). The acidity of 
said HF-treated mordenite was 0.15 meq/g. No significant amount of alkylated product was 
detected by gas chromatography. 

EXAMPLE 10 

This example illustrates the farther alkylation of the crude product of example 4 using 

10 a fluorided montmorillonite clay catalyst in a batch mode. To a three-necked, glass flask 
fitted with a Dean-Stark trap, condenser, thermometer, and addition funnel, was added 10 g 
of dried, 0.5% fluorided montmorillonite clay granules having a surface area of about 500 
m^/g (20/60 mesh) and 80 ml of benzene. Tte mixture was heated to reflux and about 25 ml 
of benzene was collected in the Dean-Stark arm. About 100 g of crude benzene aUg^late from 

15 Example 4, Table 5, having a bromine number of 1.44, was added to the flask over a period 
of about 10 minutes and the mix heated to reflux for about 3 hours. The reaction mix was 
then cooled, filtered to remove tiie granular catalyst, and flashed to remove excess benzene. 

The remaining colorless liquid had a bromine number of 0.10. GLC analyses of this 
sample showed: Total alkylate cone: 15.34%; 2-phenyl isomer content: 77,64%. 

20 EXAMPLE 11 

This example illustrates the further alkylation of a stripped sample of alkylate from 
Example 4 using a fluorided montmorillonite clay catalyst in a batch mode. Using the 
equipment and following the procedures of Example 10, 20 g of dried 0.5% fluorided 
montmorillonite clay granules (20/60 mesh) and 80 ml of benzene were placed in the three 

25 necked flask, the mix heated to reflux and about 25 ml of benzene was collected in the trap. 
A 100 g sample of crude benzene alkylate from Example 4, Table 5, that had been stripped to 
remove both the residual benzene and most of the C,o-Ci4 paraffin, having a bromine number 
of 0.31, was then added to the flask and the mix heated to reflux for two hours. The reaction 
mix was cooled, filtered to remove the granular catalyst, and flashed to remove excess 

30 benzene. The remaining slightly yellow liquid had a bromine number of 0.005. GLC 
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analyses of this sample showed: Total alkylate cone: 97.35%; 2-phenyl isomer content: 
78.03%. 

EXAMPLE 1? 

This example illustrates the farther alkylation of ±t crude product of Example 4 using 
a fluorided montmorillonite clay catalyst in a plug-flow reactor system. To a 100 cc capacity, 
upflow, stainless-steel, continuous reactor fitted with temperature, pressure, and flow conurols 
was charged 100 cc of 0.5% fluorided montmorillonite clay granules (20/60 mesh) that had 
previously been dried in a stream of air at 200^*0. A 1: 1 volume mixture of crude benzene 
alkylate having a bromine number of about 0.4 from Example 4, Table 5, plus benzene, was 
charged to said unit at a rate of 100 cc/hr and alkylation conditions were set at lOO^'C and 
300 psi (2.07 Mpa). Under steady state conditions, samples of product effluent were 
collected, stripped of excess benzene, and the residual liquid analyzed. Typical product 
liquid had a bromine number of 0.02. GLC analysis of the sample showed: Total alkylate 
cone: 13.2%; 2-phenyl isomer content: 75.8%. 

A farther stripping of the product liquid at higher temperatures, under vacuum, to 
remove unreacted Cio-C,4 paraffin, yielded a residual liquid showing: Total alkylate cone.: 
97.9%; 2-phenyl isomer context: 76.4% 
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WhatbCtoimgdfe: 

1 . A process useful for the production of monoalkylated benzene, connprising: 

(a) contacting benzene with an olefin of from about 5 to about 30 carbons in the 
5 presence of fluorine-containing mordenite under conditions such that monoalkylated benzene 
is formed, and (b) contactmg the effluent from step (a) with benzene in the presence of a 
fluorine-containing clay catalyst such that the product of step <b) has a bromine number less 
than the bromine number of the product of step (a). 

10 2. The process of claim 1, wherein the fluorine-containing mordenite has a silica to 
alumina molar ratio in a range from about 10:1 to about 50:1. wherein the mordenite has 
been treated by contacting mordenite with an aqueous hydrogen fluoride solution, wherein the 
hydrogen fluoride in the aqueous solution has a concentration in the range from about 0.1 to 
about S percent by weight. 

15 

3. The process of claim 1 or 2, wherein the olefin has from about 10 to about 14 
carbons. 

4. The process of claim 1 , 2, or 3 wherein the monoalkylated benzene contains about 70 
20 or more percent of 2-phenyl isomer. 

5. The process of claim 1, 2. 3, or 4 wherein the mordenite contams in a range from 
about 0. 1 to about 4 percent by weight of fluorine. 

25 6. The process of claim 1, 2. 3, 4. or 5 wherein the clay catalyst is made of 
montmorillonite clay. 

7, The process of claim 1, 2, 3, 4, 5, or 6 wherein the clay catalyst has a fluorine 
content of from about 0. 1 percent to about 10 percent by weight. 

30 
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8. The process of claim 1 , 2, 3» 4, 5, 6, or 7 wherein the bromine number of the product 
of step (b) is less than about 0. 1 . 

9. The process of claim 1, 2, 3. 4. 5, 6. 7, or 8 wherein step (2) is conducted in a 
continuous manner. 

10. A process useful for the production of monoalkylated benzene, comprising: 
introducing a feed comprismg olefin having about 5 to about 30 carbons and benzene 

into fluorine-containing mordenite catalyst bed under conditions such that monoalkylated 
benzene is produced; 

allowing benzene, olefin, and monoallq^lated benzene to descend into a reboiler from 
the catalyst bed; 

heating the contents of the reboiler such fliat benzene refluxes to ftirther contact the 
fluorine-containing mordenite; 

removing monoalkylated benzene havii^ a bromine number from the reboiler; 

contacting the monoalkylated benzene renK)ved from the reboiler with benzene in the 
presence of a fluorine-containing clay catalyst such that the bromine number of die 
monoalkylated benzene removed from the reboiler is reduced. 

11. The process of claim 10. wherein the fluorine treated mordenite has a silica to 
alumina molar ratio of from about 10: 1 to about 50: 1 , wherein the mordenite has been treated 
by contacting mordenite with an aqueous hydrogen fluoride solution, wherein the hydrogen 
fluoride in the aqueous solution has a concentration of about 0.1 to about 5 percent by 
weight. 

12. The process of claim 10 or 11, wherein the olefin has from about 10 to about 14 
carbons. 

13. The process of claim 10. 11, or 12, wherein the monoalkylated benzene contains 
about 70 or more percent of 2-phenyl isomer after contacting with the clay. 
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14. The process of claim 10, 1 1, 12, or 13, wherein the benzene to olefin ratio in the feed 
is about 2:1 to about 20:1, wherein the catalyst bed is maintamed at a lemperanirc of about 
75*C to about 200**C, and wherein the feed is introduced into the catalyst bed at a liquid 
hourly space velocity of about 0.1 hr"^ to about 1 hr 

15. The process of claim 10, 11, 12, 13, or 14 further comprising collecting water 
overhead of the mordenite catalyst bed in a water trap. 



16. The process of claun 10. 11, 12, 13, 14, or 15, wherein the mordenite contains in a 
10 range from about 0. 1 to about 4 percent by weight of fluorine. 

17. The process of claim 10. 11, 12, 13, 14, 15, or 16, wherein the clay catalyst is made 
of montmorillonite clay. 

IS 18. The process of claim 10, 11, 12, 13, 14, 15. 16, or 17, wherein die clay catalyst has 
a fluorine content of from about 0. 1 percent to about 4 percent by weight. 

19. The process of claim 10, 11, 12, 13, 14, 15. 16, 17, or 18, wherein the clay catalyst 
has been calcined in the temperature range of lOO^'C to dOO^'C. 

20 

20, The process of claim 10, 11, 12, 13, 14, 15, 16, 17, 18, or 19, wherein the clay 
catalyst has a surface area of greater than 30 mVg. 

2L The process of claim 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20, wherein the 
25 bromine number is reduced to less than about 0. 1 . 

22. The process of claim 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20. or 21, wherein the 
contacting is conducted in a continuous manner. 



26 



wo 97/47573 



PCT/US97/08070 




wo 97/47573 



PCT/US97iO8O70 



154 




166 



120-^* 



-121 




126' 



133- 



J37 
.130 

.133 
"^-—133 



'160 




Fig. 2 



INTERNATIONAL SEARCH REPORT 



Inten. .i^ Appiicaoon No 

PCT/US 97/08070 



A. CXASSinCATlON OF SUBJECT MATTER ^ ^ , ,^ * , ^ ^ 

PC 6 C07C2/66 BG1J29/18 BG1J21/16 



According to intemaaonal Patent aasnficatioo (IPQ or to both natood dasaficafton «nd IPC 



a FIELDS SEARCHED 



Mirttmum documentaiion searched (dassiAcalion system followed by dasxricabon symbols} 

IPC 6 C07C 



Documenuuon searched olher than muixmum documcnlatioQ to the extent that such documents are included m the fKlds searched 



Electronic daU base consulted during the international search (name of dau base and, where pradical, search terms used) 



C. DOCUMEKTS CONSIDERED TO BE RELEVANT 



Category' 



Qution of document, with indicatian, where appropriate, of the relcvanl passages 



Rdcvanl to damt No. 



EP e 288 582 A (HITSUI PETROCHEMICAL IND) 
2 November 1988 

US 5 196 574 A (KOCAL JOSEPH A) 23 Harch 
1993 

EP e 692 307 A (ENICHEM AUGUSTA IND) 17 
January 1996 



□ 



Funber doctonents arc listed in the continuAtion of box C. 



Patent family members are listed is annex. 



' Speaal caieggrics of dted documents : 

•A* document defining the general ttatc of the ait which is noi 

considered to be of particular relevance 
'E* earlier document but putdished on or after the tntcmattonal 

filing date 

"L" documem which may throw doubts on pnonty claiin(s) or 
which u dted to esuUish the pubticaoon date of another 
ciution or other speaal reason (as specified) 

'O' document refmng lo an oral disclosure, use, exhibioon or 
other means 

'P' document pubH^ed piior to the international filing date but 
later than the pnonty date claimed 



'T* later document published after the mttmanonal filing date 
or pnoricy date and not in conflict with the application but 
dted to understand the prindplc or theory underlying the 
invention 

'X* document of particular relevance; the daimed invtnoon 
cannot be cooadcred novd or cannot be eonsdered to 
involve an inventive step when the document is taken alone 

' Y' document of particular relevance; the daimed invention 
cannot be conndered lo involve an inventive step when the 
dxKumeni is combined with one or more other sudi docu- 
ments, such combination bdng obvious to a person skilled 
in the ait. 

document member of the sanx patent family 



Date of the actual completion of the imemaaonal search 



22 July 1997 



Name and mailing address of the ISA 

European Patent orficc, P.B. SSI 8 PatentUan 2 
NL . 32S0 HV Ri)sw)|k 
Td. ( ^ 31-70) 340*2040, Tx. 31 6S1 epo ni, 
Fiic( + 31*70) 340-3016 



Dale of mailing of the intcmabonal search report 



0 'I. 08. 97 



Authorized officer 



Van Geyt, J 



Fgin PCT.;tSAaiO {»co«ul sheet) Uuly 1992) 



INTERNATIONAL SEARCH REPORT 

Infumution on patent Canuly manbcn 



Inten. ,\al Appb cation No 

PCT/US 97/08070 



Patent document 
cited in search report 



Publication 
date 





Patent family 


1 Publication 




member(s) 


1 date 


JP 


6104630 B 


21-12-94 


JP 63122636 A 


26-05-88 


DE 


3781547 A 


08-10-92 


WO 


8803523 A 


19-05-88 


US 


4891465 A 


02-01-9G 


AU 


658272 B 


06-04-95 


CA 


2091855 A 


18-09-94 


EP 


0615968 A 


21-09-94 


JP 


6271485 A 


27-09-94 


JP 


7084396 B 


13-09-95 


ZA 


9301946 A 


06-10-93 


AU 


3529893 A 


29-09-94 


US 


5344997 A 


06-09-94 



EP 0288582 A 



US 5196574 A 



02-11-88 



23-03-93 



EP 0692307 A 17-01-96 BG 99773 A 28-06-96 

CA 2152730 A 14-01-96 



Pom KT/ISA/ao (ptUM hmilD unu) (f uly IMl) 



